In the present investigation, we evaluated the efficacy of pharmacokinetic profile in healthy as well as nephropathic black-Bengal goats (n=6) of either sex through single intravenous route along with metabolism aspects in all vital organs as well as urine. Nephropathic goats resulted higher B (41.03 ± 3.87 gmL -1 ), t1/2 (1.17 ± 0.06hr) and low (0.59 ± 0.03 hr -1 ) and ClB (25.70 ± 2.86 mlh
INTRODUCTION
Antibiotic treatment of patients remains a significant challenge for all nations with persisting high mortality and morbidity rates. The importance of effective therapy continues to grow with increasing numbers of patients with increasing levels of sickness. Compelling evidence suggests that in patients, source control of the pathogen is appropriate antibiotic therapy which remains the most important intervention that the clinician can implement at early. Therefore, optimizing antibiotic therapy should be a priority in the management for patients. Some of these antibiotics are encountered by the organism over long period of time. Continuous low level exposure to such antibiotics may increase the susceptibility of the host to various diseases due to immunity breakdown. It has therefore, become important to screen antibiotic at therapeutic dose level with respect to their immunotoxic, biochemical and hematological potential. Cloxacillin, semi synthetic amino penicillin which has activity against penicillin-sensitive gram positive as well as some gram negative bacteria continues to be a useful antimicrobial drug for its low index of toxicity and reliable absorption which continues to make it an attractive agent in the treatment of variety of infections. Pharmacokinetic is concerned with study and *Address correspondence to this author at the MNPC, University of Iowa, Iowa City, IA-52246, USA; Mobile: 3194008179; E-mail: sanjibkharghoria@yahoo.com characterization of time course of drug absorption, distribution, metabolism and excretion [1] . Disease states alter the pharmacokinetic parameters of many drugs. It has been reported that the kinetic behavior of many drugs were altered following administration by different routes in experimentally induced diseased models of goats and dogs [2] [3] [4] . The routine use of conventional dosage regimen in patients suffering from liver and/or renal diseases may result in excessive accumulation of drug in the body and consequently may expose the patient to an excessive risk of serious side effects and toxicity.
So in the present investigation, we evaluated disposition kinetics of cloxacillin after single intravenous (IV) administration in healthy as well as nephropathic black-Bengal goats. Accumulation of this antibiotic after long term exposure in vital organs and urine were evaluated after repeated therapeutic (TP) and one half of therapeutic dose (HTP) consecutively for 60 days through intramuscular (IM) administration and investigated its role in blood biochemistry and liver cytochrome P 450 component to screen for immunotoxic, biochemical and hematological potential.
MATERIALS AND METHODS

Materials
Cloxacillin was obtained as gift from M/S Alembic Ltd, Mumbai, India. The purity of the compound was 98%.
Animals
Clinically healthy black-Bengal male and female adult goats (1-1.5 year of age) weighing between 12-14 kg were used in this experiment. They were kept individually in custom made stainless steel metabolic cages. The animals were stall fed and water was provided ad libitum. The temperature of the animal room was maintained at 22±3 C and provided artificial 12 h light / dark cycle. All experimental protocols were performed in accordance with the University Animal Ethics Committee as stated by WBUAFS.
Induction of Kidney Damage and Kinetics
Goats were (n=6, 3 male and 3 female) administered uranyl nitrate crystals dissolved in distilled water (5%) at 0.75 mg kg Pharmacokinetic parameters were determined from computerized curve fitting programme 'PHARMKIT' supplied by the Dept. of Pharmacology, JIPMER, India.
Metabolism Study
Black-Bengal goats were assigned randomly to one of the three groups, the control group, the therapeutic dose group (TP) and one half of therapeutic dose (HTP) group. For the control group, normal saline was used. The TP group received cloxacillin @ 10 mg kg -1 while the HTP group received @5 mg kg -1 intramuscularly consecutively for 60 days. Blood samples (6mL) were collected from jugular vein of each animal of three groups at 0, 14, 28, 42 and 56 day of treatment. Out of 6 mL of collected blood, 1mL was kept in EDTA vials for hematological study, 1mL in sodium fluoride for glucose estimation, 1mL in heparinized tubes for analysis of cloxacillin and rest 3 mL allowed to clot for separation of serum. Serum collected was used for estimation of protein, enzymes and serum immunoglobulin (IgG).
Urine samples (5mL) were collected from each animal of each group at 0, 14, 28, 42, 56 day of treatment for analysis of urine cloxacillin level. All animals were sacrificed on day 60 and vital organs were collected, frozen immediately until extraction procedure started.
Estimation of Biochemical Parameters
A small portion of liver and kidney were collected for estimation of reduced glutathione, lipid peroxidation, superoxide dismutase and catalase.
Analysis of Drug Residue
Portion of lung, liver, kidney, heart, skeletal muscle, adrenal gland, lymph node, spleen, ovary, uterus, testis and skin were collected from each animal and frozen until analysis of cloxacillin residue.
Histopathology and Cytochrome P 450
Small portion of liver, kidney and spleen were collected in 10% formol for histopathology and caudate portion of liver was excised and placed in ice cold potassium chloride (1.15%) immediately after slaughter of each animal for estimation of cytochrome P 450 content. Tissues fixed in 10% neutral formalin solution were embedded in paraffin wax and cut into sections. Sections were routinely stained with hematoxylin and eosin (HE) and examined under microscope for histopathological evaluation.
Instrument and Chromatographic Condition
Plasma, tissue and urine analysis were performed on a HPLC system (SHIMADZU, SPD-M 10 A, JAPAN) fitted with binary pump (LC-20AT), diode array detector, sampler and data station. A 5 Luna Phenomenox (250 X 4.6 mm) C18 (2) HPLC column was used. The mobile phase consist of methanol and water (1.25% acetic acid) mixed with a ratio of 20:80 (V/V) with a flow rate of 1.0 mL min -1 and the eluent was monitored with a diode array detector adjusted wave length at 220 nm. Retention time of the drug was 3.45 min. The chromatograms were integrated on a data station.
Recovery Experiment
Recovery of cloxacillin from different substrate was carried out in vitro to ascertain the reliability of the method after fortifying different substrate with technical grade cloxacillin. These were fortified at 1, 5, 25, 50 and 100 ppm of cloxacillin standard and after necessary work up, 20 L of sample was injected to the HPLC and the area of HPLC peaks against several concentrations was plotted and linearity was found to be maintained. The limit of detection of cloxacillin was 0.04 ppm. The recovery percentage in blood was 91% while in different tissues it was ranged from 80.50-87.50% and in urine it was 92.5% (result not presented).
The extraction procedure of cloxacillin from blood, tissues and urine were obtained by modifications of the existing method of Hsu et al., [5] .
Blood glucose level was estimated as per the method described by Frankel et al., [6] , serum protein by Biuret method [7] , liver glycogen in liver tissue by Montgomery method [8] , lipid peroxidation by Nair and Turner [9] , reduced glutathione by Griffith [10] , superoxide dismutase by Misera and Fridovich [11] while ALT and AST were performed as described by Yatazidis, [12] . IgG [13] and estimation of liver microsomal P 450 [14, 15] were done as per standard procedure.
Statistical Analysis
All data were expressed as means ± SEM. The differences among groups were considered statistically significant when p<0.05 as determined by one way analysis of variance (ANOVA).
RESULTS AND DISCUSSION
Semi logarithmic plot of mean plasma concentration of cloxacillin against time with computerized best fit line and kinetic parameters in healthy and nephropathic goats following single IV administration at 10 mg kg -1 is depicted in Figure 1 and ), and higher t 1/2 (1.17 ± 0.06hr) and AUC (64.85 ± 3.25 g hr mL -1 ) were reported in acute renal failure goats which were in consonance with the reported data of Errecalde et al., [16] in diseased horses and Shaktidevan et al., [17] in acute renal failure goats. The drug persisted for a long time with significantly higher plasma concentration in all samples (p < 0.05) of nephropathic compared to healthy goats. The major excretory pathway of most -lactam derivative is directed through the kidney particularly by glomerular filtration and active tubular secretion [18] . It was also observed that artificially produced nephropathy by uranyl nitrate caused significantly increased level of BUN and creatinine (result not presented) compared to healthy goats. The acute renal failure coupled with increased BUN might be responsible for slow release of cloxacillin. Therefore the lower total body clearance was probably due to slightly lesser excretion through renal tubules compared to healthy goats. respectively. The urine drug concentration of cloxacillin in TP group was higher compared to HTP group during entire collection period suggesting dose dependent increase of drug concentration in urine. The concentration of cloxacillin was remarkably higher in urine compared to blood in different days of entire collection period up to 60 days in both experimental groups. Excretion of cloxacillin was mainly via kidney resulting high concentration in urine and bile compared to blood was observed previously by Satoskar and Bhandarkar [19] , which was similar with the present findings.
It is apparent from the Table 2 that highest concentration of cloxacillin was recovered from liver (134.56 ± 10.12, 108.70 ± 3.39 g gm -1 of tissue) Mean cytochrome P 450 contents of control, TP and HTP groups were 0.95 ±0.007, 1.13±0.08 and 1.03± 0.11 nmolmg -1 of microsomal protein respectively.
Significant inductions (p<0.05) were noticed in both the experimental groups compared to control group. From this result, it is evident that cloxacillin has stimulatory effect on hepatic microsomal enzyme system. Earlier it was reported [20] that flucloxacillin is an inducer of cytochrome P 450 enzyme which corroborates the present findings. Due to repeated administration of cloxacillin, there might be activation of PXR, a ligand dependent transcription factor that is target of many drugs that induce CYP3A4 which may lead higher intrinsic microsomal clearance resulting in increase the level of cytochrome P 450 .
In both the experimental groups, no significant alteration was found in haemoglobin level ( Table 3a) . The total erythrocyte count in animals of therapeutic group on day 42 onwards decreased significantly (p < 0.05) compared to value of day 0 ( Table 3b) . The blood glucose values (Figure 2A) in animals of TP group on 42 day was significantly decreased (p<0.05) compared to value of 0 day. There were no significant differences observed between the values of serum protein ( Figure  2D ) in both two experimental groups. The serum ALT ( Figure 2B ) activity increased significantly (p <0.05) on day 56 compared to the value of 0 day in both the experimental groups, while AST ( Figure 2C ) in TP group was found to be increased significantly from day 42 onward while in HTP group was increased significantly (p < 0.05) on day 56 only. No significant differences were observed in tissue biochemistry.
The increased level of ALT in blood may be due to pathological changes like proliferation of Glissons capsule (Figure 3A, B) in liver tissue. Due to prolong administration of cloxacillin, permeability of hepatocyte cell may be increased and resulting to escape of this enzyme into blood leading to higher level of enzyme in the present study. Increased serum ALT and AST activity are particularly marked in infective hepatitis and in liver damage due to drugs or chemicals [7] . Chronic administration of cloxacillin may increase permeability of cell membrane resulting in increased activity of serum concentration level.
IgG values ( Figure 2E ) were significantly (p < 0.05) decreased on day 56 of experiment compared to the 0 day in TP group while in HTP group it was significantly decreased from day 42 onwards. Decreased IgG levels Histopathological results (Figure 3A, 3B) revealed that section of liver in goats of both TP and HTP groups showed fatty changes and fatty vacuoles pressed the nucleus of the hepatocytes whereas kidney (Figure 3C,  3D ) of the groups revealed marked thickening of renal capsules which were absent in control group (slide not presented) suggested long term administration of cloxacillin has harmful effect on these organs.
From the finding of the present study, it can be concluded that the usage of cloxacillin should not be recommended in nephropathic condition as well as for consecutive long term administration and further evaluation is necessary to clarify the potential application of cloxacillin in mentioned circumstances.
